The problem of the propagation of second sound in superfluid helium is studied. The second sound wave is assumed to be described by a set of variables, the local energy and local energy flux densities. Relaxation function expressions are obtained for the thermal conductivity X which is analogous to the normal thermal conductivity /CT, as is distinct from the abnormal thermal· conductivity due to the counterflow of the super and normal components, and also for the kinetic coefficients (1) (3, (4. It is pointed out that, to the thermal conductivity. x, a restoring force due to temperature is essential. § 1. Introduction
The propagation of sound waves in superfluid helium is distinguished by the possibility of the propagation of undamped temperature waves (second sound waves). Tisza 1 ) first recognized that another wave motion, in which the density and pressure remain practically in local equilibrium values but in which entropy (or temperature) fluctuates, is also possible. This leads to an essential condition fol,' its existence; There must be a sufficient number of interactions between excitations, so that such a local equilibrium can be established within distances which are small compared with the wavelength of second sound. That is, an inequality (1) f<l must be satisfied, where (1) is the frequency of second sound, f a relaxation time of the system. The relaxation time is determined by a momentum-and-energy-conserving scatte~ing process. Landau 2 ) . showed that the unique properties of superfluid helium could be explained by describing the atomic motion in terms of elementa:ry excitations. These excitations are phonons and rotons. There are several scattering processes. These situationsm<ike it complex to discuss the propagation of sound in superfluid helium. Analysing these scattering processes, Khalatnikov and Chernikova 3 ) established a unified derivation of expressions for the velocity of sound wave and the attenuation which is valid for both large and small values of (1)f. In their theory dynamical variables are the fluctuation of mass density, the deviation of temperature of the roton gas from an equilibrium value, the roton part of the mass current, and (1)r = jV nr -vsj, where Vnr -Vs is a relative velocity of the roton gas.
In a previous paper,5) we used nk, Qk and their time derivatives as a set of collective variables to describe two kind of sound waves in superfluid helium, where nk is the density fluctuation operator, and Ok the fluctuation in the energy flux density. The advantage of using this set of variables is that those variables can be expressed in terms of elementary excitations.
The present work has emerged from our attempt to understand Khalatnikov and Chernikova's theory in the framework of the relaxation function. 4 ) We assume that the second sound wave is a collective mode relating to the energy fluctuation. 5 ) In this pape;we calculate the attenuation constant of second sound and kinetic coefficients in superfluid helium. Our starting point of the calculation is to define relaxation functions. of collective variables. We attempt to find an expression for the thermal conductivity X in terms of collective variables. The thermal conductivity X, a kinetic coefficient which is a measure of the irreversible flow of heat due to a temperature gradient, is defined by the equation
where S is the entropy, p the density, and Vn the velocity of normal fluid. X 1S analogous to the normal thermal conductivity, as distinct from the ab~ormal thermal conductivity due to the counterflow of the two components.
In the next section, we define the relaxation function for the energy flux density Qk, and obtain an expression for X in terms of Olc' It is shown that the thermal conductivity X is determined by the relaxation function of a random force acting upon the energy" flux. Therefore, X depends in a very complicated way on the interactions between the elementary excitations in superfluid helium.
In § 3, the calculation of X is. performed assuming the interactions between the elementary ,excitations. In § 4; kinetic coefficients are studied in the framework of the relaxation function method. § 2. Mathematical formulation Recently, Khalatnikov and Chernikov( 3 ) showed that an attenuation 'of second sound below 1.2°K is essentially determined by a phonon part of thermal conductivity. They defined two variables T/ and Wr to describe the second sound wave, where T/ is a temperature deviation of the roton gas from its equilibrium value and wr=lvnr-vsl. Vs is the velocity of superfluidpart and Vnr that of roton gas.
The second sound 1S a hydro dynamical mode. Thus, this maybe studied by using the method of relaxation function. In this paper, however, we assume that the second sound wave is described by a variable (2 ·1) which can be expressed in terms of phonon operators at low temperatures. Here Hk is a Fourier component of a local energy density, nk that of a particle density and h an enthalpy per molecule.
We study a relaxation function Ek (z) defined by
It is easily verified that
K is a random force acting upon the second sound wave, and is determined by a phonon-phonon interaction.
The two-fluid hydrodynamic considerations tell us that a local entropy density <S(r, t) sati~fies the following equation:
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where Ps and Pn are the ma'ss densities of the super and normal parts, respectiv;ely. T(r, t) is a local temperature, and X is analogous to the normal thermal conductivity, as is distinct from the normal thermal conduction due to the counter flow of the two components. The existence of a restoring force is essential for x.
From Eq. (2·9), we obtain
where Here we have used the thermodynamic relation
Thus, it IS easy to see that a function 3,c (2) 
IS the second order approximation of the relaxation function. Comparing (1·13) with (1· 5) yields
ReAl=-pf(r~~) pp,
The quantity X (k, ())) would be compared with the normal thermal conductivity ICT which is defined by 00 ICT(k)=1}T-~ dt(J~k(t), J~k), (k~O) 
Here we have assumed the system isotropic.
The normal thermal conductivity IC'[' is determiried by a relaxation of. an energy flux density, whereas X by that of a random force acting upon the energy flux. The distinction of X from IC'[' is analogous to the distinction of the coefficient of viscosity from the diffusion coefficient in a normal fluid. It is well known that the diffusion coefficient is the relaxation function of the mass current and the coefficient of· viscosity is that of the random force acting upon the density fluctuation.
The attenuation coefficient of second sound is given by (2 ·17) where C 2 is the velocity of second. sound in superfluid helium, and C v the specific heat under constant volume. § 3. . Calculation of X
To calculate x, interactions between the second sound wave and elementary excitations are essential. Khalatnikovand Chernikova 3 ) showed that at temperatures below O.6°K the liquid helium II can be considered as an assembly of interacting phonons. Thus, the Hamiltonian of the system turns out to be where F( )
and Ap + and Ap are the creation and annihilation operators of phonons, and C 1 the velocity of fi.rst sound wave. In the region of temperatures under consideration, the energy flux density operator Qk is given b y7) and the random force acting upon the second sound wave IS We consider now the region of temperatures from 0.6 to 1.2°K where the . interaction between phonons and rotons are important. By the energy and· momentum conservation· law, a phonon cannot decay into two rotons. Thus,' allowed three-particle processes including 'One phonon are a phonon + a roton ~ a roton. In this case? we hav~ 
Inserting (3 ·15) into (2 ·14), we have (3 ·16) where L1 IS the energy of roton lTIinimum, and r the lifetime of the phonon. § 4. Kinetic coefficients
Recently, Khalatnikov and Chernikova obtained the phonon parts of kinetic coefficients using their kinetic equation for quasi-equilibrium distribution functions for elementary excitations. In this section we calculate the kinetic. coefficients In the framework of relaxation functions.
In general, a kinetic coefficient LAB is obtained by9)
where XAB (k, (1) ) is a response function defined by
i1/ (t -t'j <[A (r, t), B(r', t') J> = ~~~-) ti!A,XAB (k, IJJ) exp(ik (r -r') -ilJJ (t-t'».
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For example, the normal thermal conductivity ICT is given by
As IS shown by Hohenberg and Martin, we have
where Vs IS the velocity of superfluid part defined by and is canonical conjugate to the density operator.
(1 
, where a= (fJ/fJp) (C 1 2 /P). In the limit of low k, the contribution of the first term in (3 ·11) to (3 tends to zero. Therefore, we have
where, Pnp is the phonon part of normal density, and u = (p/C 1 ) (fJC1/fJp). The expression' of (3 coincides with that of Khalatnikov and Chernikova's except a 'numerical factor. We assumed that the temporal development of the phonon operator is that of the phonon with a single relaxation time r, and that (2) 
§ 5. Discussion
Assuming that the second sound wave is a collective mode described by the variable (5·1)
we studied the attenuation of second sound below 1.2°K. In this region of temperature, the attenuation of second sound is essentially determined by the phonon part of the coefficient of thermal conductivity X.
The quantity X differs from the normal thermal conductivity in the essential way. The normal thermal conductivity ICT is determined by the thermal conduction flux J Tk, whereas the quantity X by the random force acting upon the second sound wave.
The factor exp [iQkt] , in Eq. (2 ·14), is related to the fact that the fluctu-, ation of the energy density has a restoring force due to ,the tempera.ture gradient in superfluid helium. To the "thermal conductivity" X, the existence of the restoring force acting upon the energy flux density is essential. In the framework of the relaxation function method, we calculated the viscosItIes. They are essentially identical to those of Khalatnikov and Chernikova.
In concluding this section, we mention the theory of Khalatnikov and Chernikova.
3 )
It is easy to see that the phonon part of th~ thermal conductivity Hk is the fluctuation in the local energy density and nk P1 \ that in the loca.! phonon . number density. Therefore, it is concluded that' their thermal conductivity IC p is due to the relaxation of the phonon thermal flux. Whereas, our coefficient of thermal conductivity is due to the relaxation of the random force acting upon the second sound wave.
The, behavior of foreign ions in superfluid helium would be studied in the framework of the relaxation function method. This problem, however, deserves a separate paper.
